Mucinous degenerative change was observed in the epithelial cells lining the renal pelvis, ureter, and urinary bladder of pigs with exudative epidermitis, coliform enteritis, hog cholera, and suppurative arthritis. Mucins were observed within transitional cells either as granular or homogenous material within vacuoles. Lakes filled with mucins also were formed as a result of the coalescence of mucin from degenerating transitional cells. The cells and lakes of mucin were stained selectively by periodic acid-Schiff, alcian blue, and colloidal iron. On the basis of the reactivity patterns with these stains the transitional epithelial cells were considered capable of producing acidic and neutral mucins.
The potential of the urinary tract epithelium for secretion of mucus has been observed in many species of animals. In chronic proliferative cystitis of cattle, the transitional epithelium may undergo metaplasia to mucus-secreting goblet-shaped cells arranged in glandular patterns [I] . In man, mucus-secreting epithelial metaplasia has been observed in the renal pelvis, ureter, and urinary bladder [2, 5] . A mucinous degeneration has been observed in the epithelium of the renal pelvis and ureter of pigs with exudative epidermitis [3] . In these pigs, dilatation of the ureters and renal pelves resulted from ureteral obstruction caused by edema, inflammatory cellular infiltrate, hyperplasia, and mucinous degeneration of the epithelium.
Mucinous degeneration of the epithelium of the urinary tract of swine with diseases other than exudative epidermitis and the histochemical nature of the mucinous material are reported.
Materials and Methods
The mucosa of the renal pelvis, ureter, and urinary bladder of 49 diseased pigs and eight healthy pigs was studied. Twenty-one of the pigs, varying in age from 1-6 weeks, had skin lesions suggestive of exudative epidermitis. Eight pigs from 1-8 weeks old had coliform enteritis and pneumonia, and six pigs about 1 week of age had transmissible gastroenteritis. Four pigs, 4-6 months of age, had died of pseudorabies; two 6-month-old pigs had hog cholera; four pigs, each approximately 4 months of age, had severe atrophic rhinitis and pneumonia; and four 3-week-old pigs had suppurative arthritis. Four of the healthy pigs were 1 week old, and four were 4 weeks of age.
All tissues were fixed in neutral 10% formalin. Paraffin sections were stained with the following histochemical procedures for the demonstration of mucins: periodic acid-Schiff (PAS), alcian blue (AB), the combined AB-PAS, toluidine blue 0 at p H 3.5 and 1.2, colloidal iron-PAS, and Rinehart-Abul-Haj stain for acid mucopolysaccharides. The AB-PAS method was used for differentiation of acid mucopolysaccharides stained blue or purple from rnucosubstances stained with neutral red. The toluidine blue 0 stains and the Rinehart-Abul-Haj stain were also used to detect acid mucopolysaccharides.
All of the above stains were done with and without malt diastase and also with and without a commercial preparation of neuraminidase derived from Vibrio comma. According to SPICER and WARREN [ 6 ] , acetylneuraminic (sialic) acid is indicated by the disappearance of AB staining with preservation of PAS activity after incubation in a buffered solution of neuraminidase.
Results
Of the 21 pigs with skin lesions suggestive of exudative epidermitis, 15 had gross and microscopic changes of the ureters and renal pelves similar to those observed by MEBUS e f al. [3] . Four of the 15 pigs also had severe vacuolar or ballooning degenerative changes in the epithelium of the urinary bladder. Two of the pigs with coliform enteritis, 1 pig with hog cholera, and 2 pigs with suppurative arthritis had changes in the epithelium of the renal pelvis and ureter that microscopically were similar to those in pigs with exudative epidermitis.
The ballooning mucinous degenerative changes observed in the urinary tract epithelium of these pigs were characterized by PAS-positive, diastaseresistant mucosubstances. Beneath the luminal surface of the epithelium the earliest stages of complex mucin production were present as a collection of cytoplasmic granules that stained positively for neutral mucopolysaccharides. In cells closer to the epithelial surface the reactive cytoplasmic granules were more densely packed or were present as homogenous material in cyst-like structures ( fig. 1 ). Some cyst-like structures appeared to have been formed by the coalescence of material from several degenerating cells. The AB stain also stained intracytoplasmic material in many epithelial cells and lakes of mucopolysaccharides in the renal pelvis, ureter, and urinary bladder. The AB-positive material was diastase-resistant but, after digestion by neuraminidase, the AB staining was less intense. After the combined AB-PAS staining sequence, cells undergoing mucinous change often contained both blue-and red-staining material or one cell would stain with neutral red and an adjacent cell would stain blue. After digestion with neuraminidase, many of the cells that had stained blue to lavender were now red. These results suggested the presence of sialic acid and neutral mucosubstances in the degenerating transitional epithelium.
The staining with toluidine blue 0 at pH 3.5 showed diffuse cytoplasmic orthochromasia in the degenerating cells. No staining was seen with toluidine blue 0 at p H 1.2. The colloidal iron-PAS stain showed the same sites of reactivity as did the AB-PAS stain. Both methods demonstrated acid and neutral mucopolysaccharides in the degenerating cells. The Rinehart-Abul-Haj stain demonstrated acid mucopolysaccharides.
The mucinous degenerative changes in the epithelium of the renal pelvis, the ureter, and the urinary bladder were similar in morphology and staining reactions.
The sections of the pelvic epithelium, ureter, and urinary bladder from the 8 normal pigs did not have the ballooning degenerative change and did not stain for mucosubstances.
Discussion
In the urinary tract of man the luminal lining cells of the renal pelvis, ureter, and bladder normally contain a mucosubstance similar to that in swine insofar as they stained selectively with PAS, AB, and colloidal iron [4] . Digestion with neuraminidase also indicated sialic acid on the free-cell surface of human transitional epithelium. Transitional epithelial cells of man may, however, contain a larger amount of sialic acid than the degenerative epithelial cells of swine.
It has been suggested that the surface layer of transitional epithelial cells in man may undergo a differentiation that promotes mucin production [4] . In pigs the mucinous degeneration did not occur in the epithelium covering the area cribrosa but occurred throughout the renal pelvic epithelium up to the junction of the pelvis and area cribrosa. Also in pigs it appeared that the epithelial cells migrated from the basement membrane toward the surface, and as they moved, intracellular mucin accumulated.
The cause of mucinous degeneration of the transitional cells in swine was not evident but appeared related to inflammatory processes in the underlying tissues. MEBUS et al. [3] observed bacteria within the lumen of the ureters and pelves of the kidney of pigs with exudative epidermitis and believed the neutrophilic infiltrate in the lamina propria to be associated with these bacteria. In our study we did not observe microorganisms in the urinary tract of pigs with exudative epidermitis, coliform enteritis, hog cholera, or suppurative arthritis ; moreover the cellular infiltrate in the lamina propria consisted mainly of lymphocytes and plasma cells rather than neutrophils.
Although MEBUS et al. [3] did not observe mucinous degeneration in the urinary bladder of pigs with exudative epidermitis, we found it in 4 of the 21 pigs so affected. None of the pigs with diseases other than exudative epidermitis had such a lesion.
The mucinous degenerative change thus is not associated only with exudative epidermitis but with several other diseases as well.
